Corticosteroids are routinely used for the control of peritumoral edema in patients with brain tumors. 1 They are generally used as adjuncts to tumor-directed therapies, including surgery, radiation, and chemo. The mechanisms of action of corticosteroids leading to the control of vasogenic edema and, conversely, their lack of efficacy with intracellular or toxic edema are not fully understood. 1, 2 Dexamethasone is the most commonly prescribed corticosteroid for this patient population, primarily because of its low mineralocorticoid activity. 3 However, there has been limited study of the efficacy of other types of synthetic corticosteroids in this population. Corticosteroid dosing is often determined based on clinical evaluation and imaging findings. A common dose prescribed at the time of diagnosis of a brain tumor is in the range of 8 to 16 mg/day in divided doses, which is thought to be derived from the dose-response curves generated in the first case series of preoperative dexamethasone use in patients with primary brain tumors 3, 4 Corticosteroids are also commonly used at the time of tumor recurrence or to manage treatment-related reactions such as radionecrosis, but there has been little investigation about the optimal dose and duration of corticosteroids in these settings. 1, 5, 6 Despite the well-established morbidity associated with corticosteroid use, the reporting of actual dose and duration and associated side effects is often not routine and they are not usually assessed in patients with brain tumors. 1 As a result, we have limited data regarding the severity and frequency of signs and symptoms associated with the use of corticosteroids in patients with both primary and metastatic brain tumors. One retrospective study of neuro-oncology patients found that 51% (30/59) had at least one steroid toxicity and 19% (11/59) required hospital admission due to steroid-related complications. 7 Another study, of 88 patients with brain metastases, reported more toxicity in those who received more than 16 mg of dexamethasone per day at the time of commencement of radiotherapy, with 91% reporting at least one dexamethasone-related side effect at some point in the treatment course. 8 The use of prolonged corticosteroids has been shown to impact functional status in select patients. 9 Vecht and colleagues reported that mean improvement in KPS during radiation in patients with metastatic brain tumors was less in those who experienced a corticosteroid-related side effect such as ankle edema, proximal myopathy, or Cushingoid facies.
The Dexamethasone Symptom Questionnaire (DSQ) is a selfreport intended as a descriptive measure to determine the incidence and severity of side effects over the last week and to examine changes in side effects associated with dexamethasone when used longitudinally. Items were generated by literature review and expert opinion and were then reviewed for content validity by the use of focus groups of cancer patients receiving dexamethasone. 10 Responses are formatted using a 4-point Likert scale (1 ¼ not at all, 2 ¼ a little bit, 3 ¼ quite a bit, 4 ¼ very much). The burden of completing the DSQ is low, taking 2 -3 minutes to complete. The DSQ has demonstrated face and content validity and has been used to evaluate corticosteroid-related symptoms in breast cancer patients receiving dexamethasone as an anti-emetic 10, 11 and to evaluate the impact in brain metastases patients undergoing radiation therapy. 12 The "Chronic" revision of the questionnaire (DSQ-C) contains the original 13 items with additional sign/symptom items (for roundness of face, anger/irritability, difficulty standing from a seated position or walking, problems with fragile skin, stretch marks or easy bruising, and headaches) added by the original developers after focus-group input to better measure long-term complications associated with dexamethasone use.
Given the prolonged course of corticosteroid use to control cerebral edema in brain tumor patients and the few studies on the associated signs and symptoms, we undertook this study to redress the paucity of data and evaluate the utility of the DSQ-C in brain tumor patients.
Methods

Study Population
Approval for this study was obtained from the M.D. Anderson Cancer Center institutional review board. This study population included a cross-sectional sample of adult patients with either primary or metastatic brain tumors who were evaluated in the outpatient Brain and Spine Clinic at M.D. Anderson Cancer Center as part of routine care. Subjects were screened and approached for participation, and informed consent was obtained if they were ≥18 years of age and able to speak, read, and write English.
Data collection tools included a patient-completed demographic data sheet, an investigator-completed clinician checklist, and the patient-reported DSQ-C. Patient sex, ethnicity, race, age, level of education, marital status, and employment status were collected using the demographic information sheet. The clinician checklist was used to collect information on tumor type and characteristics, KPS, and current corticosteroid use, including type, dose, and duration of therapy.
Statistical Analysis
Variables of interest were identified, and hypotheses related to the relationships were formulated prior to study initiation and outlined in the objectives and analysis plan of the protocol. Data were first summarized using standard descriptive statistics and contingency tables. Relationships among continuous variables were assessed using Pearson correlation coefficients. Associations between categorical variables were examined by chi-square test or Fisher's exact test. Total steroid dose was the product of the daily dose (mg/d) and total days of use. We adjusted/controlled for age, KPS, and patient type by including them as covariates in our regression models. We used a linear regression model for chronic DSQ (a continuous outcome) and a logistic model for binary outcomes. Linear regression models were applied to assess the effect of variables of interest (ie, steroid dose and the duration of use) on the DSQ-C total score. Logistic regression models were employed to determine whether the variables of interest had significant effects on each of the 17 symptoms. Psychometrics included factor analysis to assess construct validity. The DSQ-C's internal consistency was evaluated by calculation of Cronbach's alpha. All computations were carried out in SAS 9.3 and R 3.0.1. Table 1 provides an overview of the clinical features and demographics of the sample. Ninety-six patients participated in the study. Participants were primarily white (83%) males (65%) with primary (77%) or metastatic (23%) brain tumors. Ages ranged from 20 to 75 years (mean, 53). Seventy-one patients (74%) were treated with corticosteroids, with a median dose of 4 mg/d for a median duration of 1 month (range, 0 -26 mo), while 25 patients (26%) received no corticosteroids, as a comparison group. The mean total cumulative dose was 377 mg (SD+638; median, 130; range, 4 -3196). Figure 1 provides a graphic representation of the daily steroid dose, steroid use in days, and the total cumulative steroid dose. All clinical and demographic characteristics were similar between patients taking corticosteroids and patients not taking corticosteroids, except KPS. Patients who were not on corticosteroids had a median KPS of 90 (range, 80 -100), whereas those taking corticosteroids had a median KPS of 80 (range, 50 -100, P ¼ .03).
Results
Patient Characteristics
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Corticosteroid-Associated Signs and Symptoms
The mean DSQ-C total score was 27 (range,17-54). The DSQ-C total score was able to distinguish between patients on steroids (mean DSQ-C total score ¼ 14.86, SD ¼ 2 4.02) and patients who were not on steroids (mean DSQ-C total score ¼ 12.44, SD ¼ 2 2.69) (P , .01). DSQ-C total scores were higher for younger patients (≤52 y) than for older patients (.53 y) (28.8 vs 25.5, P ¼ .02). Table 2 provides data on symptom reporting by patients on corticosteroids. Over 35% of the patients on corticosteroids experienced "quite a bit" to "very much" increased appetite and trouble sleeping. Using the DSQ-C rating, the 3 most frequently reported symptoms for those on corticosteroids were trouble with sleep, increased appetite, and anger. Patients ranked the 3 most bothersome symptoms as appetite change/weight gain, anxiety/irritability, and changes in sleep pattern. The following symptoms were significantly associated with the use of steroids: increased appetite (P , .01), weight gain (P ¼ .03), roundness of face (P , .01), and difficulty standing (P ¼ .02).
The relationship between each DSQ-C item duration of steroid dosing and the total cumulative dose (steroid dose/ per day × duration of steroid use in days) was examined. For each DSQ-C item, "not at all" and "a little" were combined, and "quite a bit" and "very much" were combined, except for the items "vomited" and "thrush (oral candidiasis)." For these 2 items, "a little," "quite a bit," and "very much" were combined to maintain group sizes appropriate for statistical evaluation. The effects of steroid dose and duration of use were evaluated simultaneously by regression analysis after controlling for age, KPS, and patient type as covariates. Because we evaluated their effects simultaneously, the effects of steroid dose were controlled for duration of use, and the effects of use were controlled for steroid dose. As shown in Table 3 , duration of steroid use, in days, was associated with change in appetite (both loss of and increased; P ¼ .05 and .02, respectively). A higher rate of selfreported thrush was associated with longer duration of steroid use (P ¼ .04). Finally, greater self-reported difficulty standing from a seated position was associated with longer duration of steroid use (P ¼ .02). Table 4 shows the effects of total cumulative dose after controlling for age, KPS, and patient type. Total 
Psychometric Evaluation of the Dexamethasone Symptom Questionnaire-Chronic
The DSQ-C demonstrated select measures of feasibility, reliability, and validity. The DSQ-C was feasible, with all consenting patients able to complete it without assistance in 2-4 min. Factor analysis was then performed as a measure of construct validity, with the ultimate goal being to arrive at a parsimonious and clinically relevant set of factors describing the structure of the interrelationships among the items. Factor analysis revealed that 6 underlying constructs were being measured by the 17-item DSQ-C. These included an emotional factor (agitation, anger, depression), Cushingoid weight (weight gain, increased appetite, roundness of face), Cushingoid dermatologic/motor (thrush, fragile skin, rash/acne, difficulty standing), sleep disorder (sleep, hiccups), and gastrointestinal (vomiting, nausea, lack of appetite, weight loss). Two items did not load as cleanly. Rash/acne had the strongest positive loading with Cushingoid dermatologic/motor, and indigestion loaded positively with sleep disorder. These 6 constructs explained 53% of variance, an indicator of construct validity (Table 5 ). However, it was very uncommon for patients to report vomiting, hiccups, or thrush, which could impact any factor solution. Confirmatory factor analysis in a second sample would strengthen this finding. The DSQ-C demonstrated very good internal consistency reliability (Cronbach's alpha, 0.77).
Discussion
This study demonstrates the utility of the DSQ-C in self-report of corticosteroid-associated symptoms in brain tumor patients and provides support for the association of total cumulative steroid dose and more severe symptoms in this population. Table 2 . DSQ-C symptom report by those on corticosteroids
In the last week, how often did you experience . . . The 3 most frequently reported symptoms were trouble with sleep, increased appetite, and anger.
DSQ-C Item
Armstrong et al.: Corticosteroids and symptoms
Corticosteroids are well established as effective agents for the management of cerebral edema in brain tumor patients. 3, 4 The earliest reports of clinical improvement with cortisone replacement therapy date back to 1952, 13 and the first large case series demonstrating improved morbidity and mortality with the use of preoperative dexamethasone is from 1961. 3 However, despite their widespread use over decades in patients with brain tumors and their recognized toxicities, sometimes causing symptoms that are indistinguishable from disease progression, there have been limited studies evaluating corticosteroidrelated toxicities, signs, and symptoms or efforts to determine the optimal dosing schedule 14 for the brain tumor population. This report provides preliminary evidence for the utility of the DSQ-C in evaluating symptoms associated with corticosteroid use and the impact of the total cumulative dose on the severity of symptoms.
In the general medical population, there is consensus that the development of corticosteroid toxicity is related to the cumulative dose and the duration of use. 15 -17 It is recognized that brain tumor patients may continue on corticosteroids for many months. In a small study of brain tumor patients, Weissman and colleagues 7 reported that patients who received a total cumulative dose of dexamethasone of .400 mg had an incidence of toxicity of 75% compared with 13% of those receiving ,400 mg. In one prospective cohort study of patients treated with radiation for malignant glioma, 71% of patients were still taking corticosteroids 3 months after completing radiotherapy, suggesting that the impact of chronic corticosteroid use is an important clinical issue in this patient population. 18 Another small retrospective study showed that patients required corticosteroids for an average of 23 weeks post-radiotherapy, whereas those with metastatic brain tumors required corticosteroids for an average of 7 weeks. 19 In the present study, patients were on corticosteroids for an average of 1 month prior to completion of the questionnaire, which also supports patients' reported signs and symptoms being related to both the duration and the total cumulative corticosteroid dose received. In this report, the total cumulative dose of dexamethasone was 377.7 mg (median, 130; range, 4 -2196), indicating that patients experience symptoms at even lower total cumulative doses than previously prescribed. However, the great variability in the total cumulative dose of this cross-sectional sample limits our ability to further refine dosing parameters that may be associated with more severe individual symptoms. The cumulative total dose impacted the overall DSQ-C score as well as specific self-reported symptoms, including increased appetite, roundness of face, depression, and difficulty standing from a seated position. It is important to note that except for tradition, there is not much rationale behind long-term treatment with corticosteroids in the brain tumor population. There were a subset of patients in this study who were on corticosteroids for an extended period of time. Although this was the experience at a single institution, further evaluation of use in other centers and, more importantly, evaluation of shorter treatment courses and lower doses and patient outcomes are needed. In this study, patients with higher DSQ-C scores also had a significantly lower KPS score. Our regression analysis can establish only the association, not the causal relationship, between variables; so further evaluation of this is warranted to further understand the relationship between functional status and higher severity of reported symptoms.
Prospective studies appear to report higher frequencies of side effects than retrospective studies, presumably due to limited documentation of toxicity in retrospective studies. 1 Future evaluation of the relationship between total cumulative dose and self-report of signs and symptoms would require longitudinal prospective evaluation to assess impact in patients before and after receiving corticosteroids.
Whereas patients are more likely to report toxicity with higher total cumulative doses of corticosteroids, there are individual variations in the timing and severity of toxicity, with some patients experiencing more severe toxicity much earlier than others. Weissman et al 7 reported that one-third of patients developed toxicity within the first 3 weeks. This first evaluation Armstrong et al.: Corticosteroids and symptoms of the utility of the DSQ-C in the brain tumor population demonstrated that the cumulative steroid dose (dose and duration of therapy) predicted the total DSQ-C score and the occurrence of specific symptoms and signs. There were several symptoms included in the DSQ-C that were not significantly associated with the total cumulative dose. This may suggest that the DSQ-C could be further refined to measure symptoms that commonly develop after long-term corticosteroid use in this patient population. In addition, it has been suggested that individual variability in both therapeutic response and toxicity timing and severity related to the total cumulative dose may be influenced by individual genomic differences. 20, 21 Future studies should consider evaluation of both clinical factors and genomic differences associated with signs and symptoms in the brain tumor population.
In the general medical literature, a study by the Boston Collaborative Drug Surveillance Program 22 with 676 patients showed that severe psychiatric illness was uncommon (1.3%) at doses ,40 mg per day of prednisolone, which is an intermediate-acting corticosteroid (equivalent to dexamethasone 6.4 mg, which is a longer-acting corticosteroid). Our findings indicate that 35% of patients report significant difficulty with sleeping, anger, and irritability, and these symptoms, along with weight gain and change in appetite, are most frequently reported as the most bothersome for patients. Understanding this impact from the perspective of the patient in terms of quality of life and daily functioning is important in evaluating the clinical impact of corticosteroid use. Future studies could be focused on further characterizing these symptoms and evaluating targeted interventions to address toxicities. In this era of anti-angiogenic agents that may alter corticosteroid requirements, there is growing value in measuring the impact of corticosteroids on patients.
There are several limitations to this analysis, including its cross-sectional design and the variability of the sample in terms of total cumulative dose, tumor type, and treatment history, in addition to the limitations mentioned earlier in this discussion. Despite these limitations, this study provides preliminary evidence that the DSQ-C can be used as a tool for future prospective evaluations of the impact of corticosteroid use. Select psychometric analysis demonstrated its reliability and ability to distinguish patients who are currently on a corticosteroid regimen from those who are not. Future evaluation of the factor solution should occur in another patient population to confirm this structure. Additional evaluation is needed of test -retest reliability and sensitivity to change in patients evaluated longitudinally, and the utility of this measure would be strengthened by the identification of clinically meaningful change in addition to further exploration of the biologic underpinnings of the variability of timing and severity in both primary and metastatic brain tumor patients.
Conclusions
This pilot study demonstrates the potential of the DSQ-C to be used as a screening tool for signs and symptoms associated with corticosteroid use in brain tumor patients. The results from this report indicate that the DSQ-C is able to determine which patients are on corticosteroids, thus providing a tool to help identify the impact of corticosteroid use in the context of clinical trials and clinical care. 
